Availability of suitable roost sites may limit bat distribution and abundance. We compared nine internal and 26 external features of 21 known roost buildings with those of 17 random buildings in northeast Scotland, U.K. (57 N) to assess whether pipistrelle bats, Pipistrellus pipistrellus (55-kHz phonotype) are selective in their use of roosts. Bats did not select roosts with specific structural attributes. Compared with random buildings, roosts were closer to a tree over 10 m tall and had a greater percentage cover (of trees over 10 m tall) within a radius of 50 m. Trees may provide benefits by providing shelter and thus ameliorating the microclimate of the roost. Cover may also provide protection from predators so that bats are able to emerge earlier, thus increasing foraging time. Bats in the present study emerged 11 min earlier from roosts with 29% cover than from roosts with 3% cover, potentially gaining as much as 10% of their daily energy requirements in this extra time. Roosts were also more likely to have linear vegetation elements leading away from them. These features may be important for navigation, foraging or predator avoidance. Compared with random buildings roosts were closer to and surrounded by a greater area of deciduous woodland within a radius of 0.5 km, had a greater area of coniferous woodland within a radius of 0.5 km, and were more likely to be found within 0.5 km of a major river. All these factors are likely to be beneficial for foraging. A logistic regression model indicated that percentage cover within 50 m of the building was the best predictor of the presence or absence of bats roosting in a building.
During the summer months, temperate zone bats spend up to 20 h of each day within a day roost. These roosts provide protection from bad weather (Vaughan 1987) and from predators (Fenton 1983) , and they also serve as sites for social interaction with conspecifics (Morrison 1980) . They are, therefore, one of the most important features of a bat's environment, and the choices made by bats with respect to the type and location of roost sites are likely to have a major impact on their survival and fitness (Vonhof & Barclay 1996) .
The majority of bat species roost inside natural structures such as caves (e.g. Tadarida brasiliensis: Davis et al. 1962) , rock crevices (e.g. Antrozous pallidus: Vaughan & O'Shea 1976) , tree holes (e.g. Nyctalus noctula: van Heerdt & Sluiter 1965) and spaces under bark (e.g. Myotis daubentonii and M. bechsteinii : Cervený & Bürger 1989) . More recently, artificial structures, such as houses, have been widely used and some species roost almost exclusively in these sites (e.g. Pipistrellus pipistrellus: Thompson 1992 ; Plecotus auritus: Entwistle et al. 1997) .
The specific type of roost site selected by different bat species may be determined by the morphology of the bat (Vaughan 1970) , the temperature or humidity within the roost (Fenton & Rautenbach 1986; Churchill 1991; Entwistle et al. 1997) , the proximity of the roost to suitable foraging and drinking areas (Tuttle 1976; Speakman et al. 1991; Entwistle et al. 1997) , or other features of the landscape surrounding the roost (Wunder & Carey 1996) .
The risk of predation may also influence roost selection by bats. The influence of predation on roost selection has been studied previously in tree-roosting bats (Vonhof & Barclay 1996) , but not in bats using artificial structures. Vonhof & Barclay (1996) found that tree-roosting bats in southern British Columbia (49 38 N) roosted in trees that were taller than a random sample of available trees, and they suggested that they did this to avoid terrestrial predators such as weasels (Mustelidae). Aerial predators such as owls, hawks and falcons are likely to be a greater threat than terrestrial predators to bats that roost within artificial structures. Therefore a different set of criteria may determine roost selection.
Observations suggest that bats are most frequently attacked by raptors just after evening emergence and as they travel to and from the roost (Gillette & Kimbrough 1970; Fenton et al. 1994) . Bats may reduce the risk of predation by emerging later, when it is darker and they are less likely to be detected by diurnal avian predators (which do not have a high visual acuity in darkness; Fox et al. 1976 ). Indeed, it has been suggested that nocturnality in bats is largely due to the risk of predation from diurnal avian predators (Speakman 1995) . However, peak abundances of many aerial insects often occur before nightfall (Speakman 1995; Rydell et al. 1996) , so bats emerging earlier may increase their foraging times and food intake rates. The presence of trees near the roost may provide commuting bats with protection from aerial predators during the early part of the evening (Limpens et al. 1989) , and may allow bats to emerge earlier, thus benefiting from an extended and more profitable foraging period (Jones et al. 1995) .
We investigated roost selection in the common pipistrelle, P. pipistrellus (a species that commonly roosts within artificial structures) in northeast Scotland, U.K. (57 N). Entwistle et al. (1997) have investigated roost selection in the long-eared bat, Plecotus auritus, in an adjacent area of northeast Scotland, by comparing the structural features and the surrounding habitat of known roost buildings with randomly selected available buildings unoccupied by bats. We used a similar approach in the present study. Additionally, we investigated the influence of trees near the building on roost selection and upon emergence behaviour.
METHODS

Study Area
The study area was located on the northeast coast of Scotland (56 45 N, 2 30 W) 20 km south of Aberdeen, and extended 20 km from north to south and between 10 and 20 km east to west, covering a land area of approximately 300 km 2 . The principal topographic features were low, rolling hills (less than 300 m above sea level), the majority of which were farmed as either arable or pasture land. The total human population of the area was approximately 20 000 (ca. 70/km 2 ). The majority of these lived in two coastal towns (12 000 and 6000 individuals, respectively). In addition, there were several small villages, each with fewer than 1000 residents, and 90 farms. Population densities varied between 0 and 2500 people per km 2 across the area. Maps dating to 1674 indicate that the area has been almost completely clear of woodland for at least 300 years. There is evidence of human habitation in the region dating back 5000 years, and most of the woodland might have been cleared when the Romans occupied the area (between AD 79 and AD 410). Most woodland during the study was found along rivers, and the western boundary of the study area was marked by a conifer plantation. There were three small rivers called the Bervie water, Cowie water and Carron water, and many streams.
Roost Sites
We conducted a survey of bats over three summers, in 1995, 1996 and 1997 . Survey work involved placing posters in local shops, in the villages and towns, requesting that people with known bat roosts in their houses (or other sites) contact us using forms which were also left in the shops. Additionally, we sent out letters to 78 farms in the region in 1995 and 30 in 1997 requesting information on bats. This led to the identification of 28 summer day roosts used by P. pipistrellus (both 45-kHz and 55-kHz phonotypes: Jones & van Parijs 1993) at 16 locations (each location had one or more buildings occupied by bats) within the study area.
We visited each of these 28 day roosts on at least one occasion (a maximum of three occasions) between 12 June and 16 July 1997 to confirm that bats were present. Counts began approximately 15 min before sunset. Observers waited near the emergence holes and noted the time at which the first bat emerged and the light level, as well as the species of the bats. Only four species of bats are found locally and, using heterodyne bat detectors (Batbox III or QMC S25; Waters & Walsh 1994) we could easily determine the species of emerging bats from the frequency of the echolocation calls.
Random Buildings
We selected a random sample of 17 houses within the study area, which were not occupied by bats (to be used as a control sample), by choosing the nearest house to a randomly generated grid reference (using random numbers). Only houses where the householders were absolutely certain that there were no bats in their house were used. If the householders regularly saw bats near the house (N=5), or if dead bats had been found on or near the property (N=2), we did not use those houses as controls and selected alternatives.
Features of the Buildings
Features (listed in Table 1 ) of all 28 roosts and 17 control buildings were recorded. Since householders were often unsure of the exact age of their house, we classed the age of the property into one of four categories (see Table 1 ).
Predation/Isolation Variables
Bats avoid open areas for both commuting and foraging, preferring to travel along linear vegetation (Ekman & de Jong 1996; Entwistle et al. 1996; Walsh & Harris 1996) , perhaps because of the risk of predation (Limpens et al. 1989; Ekman & de Jong 1996) . They may therefore avoid roosts that are isolated (that is, those that do not have sufficient vegetation surrounding them). To test this, we made several measurements of the habitat near each roost and random building (see Table 2 ). The presence or absence of predator species was also recorded ( Table 2) .
Habitat Variables
The area around all buildings was divided into three concentric distance bands (up to 0.5 km, between 0.5 and 1.5 km, and between 1.5 and 2.5 km). We considered it unnecessary to characterize the area beyond 2.5 km as P. pipistrellus in northeast Scotland travel at most 2.5 km from the roost and an average of only 1 km (Racey & Swift 1985) . To quantify the areas (ha) of each land class (deciduous woodland, coniferous woodland, arable land, improved grassland, scattered trees, low scrub, heathland, smooth grassland, built-up land, 'other') in each distance band, we used 1:25 000 maps (Ordnance Survey, and Scottish land classification maps; Macaulay Land Research Institute 1993). Any woodland classed as mixed woodland on the Scottish land classification maps was considered half deciduous and half coniferous and we divided the area between these two woodland types.
Where areas of woodland were represented as lines on the land classification maps, they were allocated a standard width of 25 m, and where areas of woodland were represented as points on land classification maps, they were allocated a standard area of 0.0625 ha. Where the woodland was also shown on the standard OS maps, we calculated the area using these maps. We counted the number of land classes within each band (a measure of habitat complexity), and measured the distance, on the maps, from the building to the nearest area of woodland greater than 1 ha, and to the nearest water (including streams, rivers and ponds). We also recorded whether the site was situated within 0.5 km of one of the three main rivers crossing the area. We investigated the habitat on foot in five areas to ensure that the land classification maps (which are based on aerial photos taken in 1986) were up to date, and to clarify areas that were not clearly shown on the maps.
Data Analysis
We compared roosts and nonroosts by using univariate statistics. Continuous variables were normalized (Rice 1989 ) was used for each set of tests. Roost buildings were occasionally situated within 200 m of one another (that is, they were found at the same location). These roosts were possibly used by bats from the same colony, and thus may not be independent of each other (see Thompson 1992) , and some of the predation/isolation and habitat variables (the presence/ absence of owls and kestrels, isolation and all land class areas) were identical. Therefore, we made each of the comparisons twice, once treating all 21 roosts independently, and a second time to avoid pseudoreplication, treating all roosts found within 200 m of one another as single roosts. For the second set of tests the values for the distance to cover and percentage cover within 50 m of the roost, and the distances to water and woodland were averaged for roosts found in the same location.
In all of the analyses, only habitat variables that occurred in more than 50% of roosts or random buildings were used. Therefore, heathland, scrub, smooth grassland, built-up areas and those habitat variables classed as 'other' were excluded from analyses.
Roost buildings were given a score of 1 and control buildings a score of 0. We used forward stepwise logistic regression (using SPSS) to quantify the effect of the predation/isolation and habitat variables of the binary dependent variable, presence or absence of bats. We used stepwise logistic regression analysis because variables may be nonparametrically distributed, and categorical data may be included (Sharma 1996) .
We investigated the influence of both distance to cover and percentage cover within 50 m of the roost on the emergence behaviour of bats by correlating each of these variables with the light level when the first bat emerged. Distance to cover and light level at first emergence were normalized by a logarithmic transformation, and the percentage cover within 50 m of the roost was normalized by arcsine transformation. Where roosts were observed on more than one occasion (N=2) an average value for the light level at emergence was taken.
RESULTS
Seven of the 28 roosts used by P. pipistrellus were occupied by the 45-kHz phonotype and 21 by the 55-kHz phonotype. Since these two phonotypes are separate species (Barratt et al. 1997 ) with different habitat preferences (Vaughan et al. 1997) , we omitted data for roosts occupied by the 45-kHz phonotype from our analyses. It was impossible to determine whether the roosts were occupied by maternity colonies or nonreproducing individuals. The only indication as to the status of roosts was the number of bats (that is larger numbers were more likely to be breeding colonies). However, this is only a rough gauge of roost status.
All roosts were situated within buildings. The 55-kHz phonotype bats roosted in a variety of locations within buildings, including the spaces between slates and wooden sarking (boards behind the slates), cavity walls (in all buildings where they were present) and crevices in stone walls in steadings (farm buildings of stone construction). The majority of buildings with roosts were inhabited by humans (17 of the 21 buildings). One roost was in a church and two were in steadings. The majority of buildings with roosts had slate roofs (20) with wooden lining (19), but only six had cavity walls. Buildings ranging from 13 to 750 years old were occupied by bats. All but two roosts had some form of linear vegetation leading towards woodland areas, or were situated immediately adjacent to woodland and were therefore classed as 'not isolated'. Eight of the 21 roost sites were situated within 0.5 km of one of the three main rivers in the region. All roosts were relatively close to a permanent water body (the maximum distance was 550 m).
Features of the Building
No significant difference was found between roosts and random buildings in any of the structural variables recorded (Table 3) .
Predation/Isolation Characteristics
In both sets of tests, we found that roosts were less isolated than random buildings, were significantly closer to cover, and had a greater percentage cover within a radius of 50 m (Table 4) . When all 21 roosts were analysed we found that a greater proportion of roosts than random buildings had tawny owls, Strix aluco, near the building (Table 4) . This was not the case when roost buildings found at the same site were treated as single roosts (Table  4) . There was no difference in the distribution of kestrels, Falco tinnunculus, between roosts and random buildings for either set of tests (Table 4) .
Habitat Characteristics
In both sets of analyses roosts were situated significantly closer to an area of woodland greater than 1 ha than were random buildings ( Table 5 ). The total area of decidous woodland and the total area of coniferous woodland within the 0.5-km distance band were both significantly greater for roosts than for random buildings (Table 5) . When all roosts were treated independently there was a significantly greater area of deciduous woodland within the 0.5-1.5 km distance band but this difference was not found when roosts at the same location were treated as single roosts (Table 5) . Roosts were more likely to be situated within 0.5 km of a major river than were random buildings, but only when roosts found within 200 m of one another were treated as single roosts (Table 5) . No other differences in habitat variables were found. We did the logistic regression only once, treating roosts located within 200 m of one another as single roosts. This was to avoid biases in the result due to identical values for certain attributes. One of the predation/isolation and habitat variables (percentage cover within 50 m of the building) was significantly related to the presence or absence of bats in the stepwise logistic regression model (Table 6 ). Roost sites had a greater percentage cover within 50 m of the roost than random buildings.
Emergence Behaviour of Bats
Bats emerged between 33 min before sunset and 26 min after sunset, and at light levels between 16 and 183 lx. There was a strong positive relationship between percentage cover within 50 m of the roost and light level at first emergence (log 10 (light level)=1.13+0.896 arcsine (% cover), r 2 =0.38, F 1,18 =12.68, P<0.01; Fig. 1a) , and a negative relationship between percentage cover and time after sunset of first emergence (time=19.0 27.9 arcsine (% cover), r 2 =0.15, F 1,18 =4.41, P<0.05; Fig. 1b ). Distance to cover was not related to light level at first emergence (r= 0.05, N=20, NS), or time after sunset or first emergence (r= 0.18, N=20, NS).
DISCUSSION
Features of the Building
Occupied roosts did not differ from randomly selected buildings in any of the features of the actual buildings that we measured. This suggests that pipistrelles were not selective in their choice of roost with respect to these specific characteristics of the building. A similar study in an adjacent area of northeast Scotland found that long-eared bats (which roost within the roof space of buildings) preferred buildings that were older, had roof spaces divided into more roof compartments and that were more likely to be fully lined with rough wooden planking than randomly selected buildings (Entwistle et al. 1997 ). Long-eared bats thus appear to be more specialized in their roosting habits than pipistrelles. Pipistrelles have previously been described as generalists in terms of their roosting habits (Avery 1991) . This is illustrated by the variety of roost locations used by pipistrelles during the present study which included cracks in walls, beneath slates and within cavity walls. It is likely that common pipistrelles will generally not be limited by the availability of suitable buildings.
Bats might have been selecting roosts using criteria we did not measure, such as the temperature and humidity within the roost. Ambient conditions play an important role in balancing energy budgets (Kunz 1980 ) and influence metabolic rate Rodríguez-Durán 1995) and evaporative water loss (Webb et al. 1995) . Selection of roosts with a specific temperature and humidity has been demonstrated in other bat species (e.g. Plecotus auritus: Entwistle et al. 1997; Rhinonycteris aurantius: Churchill 1991) , and these attributes may also influence roost selection in pipistrelles. 
Predation/Isolation Characteristics
Roosts had more linear vegetation elements leading away from them towards woodland areas than random buildings had. It has been suggested that bats tend to avoid open areas and prefer to travel along linear vegetation elements (Limpens et al. 1989 ). Bats may more easily find roosts that are located along linear elements (Limpens & Kapteyn 1991) .
Compared with random buildings, roosts were closer to trees over 10 m tall and they had a greater percentage cover within 50 m of the building. The presence of trees in the vicinity of roosts may offer foraging opportunities as insects will probably be more abundant than in open areas (Racey & Swift 1985) . Foraging behaviour and the distribution and abundance of pipistrelles are both influenced by insect distribution and abundance (Racey & Swift 1985; de Jong & Ahlén 1991) , with bats found foraging in greater numbers around trees and over water where prey are abundant. However, as bats rarely forage close to their roosts, it is unlikely that trees situated within 50 m of the roost will represent an important foraging site (Racey & Swift 1985) .
Alternatively, the presence of trees around the roost may provide shelter from environmental extremes, which are known to influence bat activity (Fenton et al. 1977) , and may result in a more stable environment within the roost itself. Shelter near the roost may thus allow bats to emerge and commute faster, thus minimizing the amount of time for which they are exposed to predators.
The presence of trees close to the roost may also provide cover from predators, allowing bats to emerge from roosts with a lowered probability of detection. As bats are thought to be under the greatest risk of predation from diurnal avian predators, such as falcons, as they emerge from roosts (Gillette & Kimbrough 1970; Fenton et al. 1994) , cover near the roost may increase survival, particularly for young bats which are unable to fly fast (Racey & Swift 1985) . Furthermore, cover close to the roost may allow bats to emerge earlier, when it is lighter, and when the risk of detection by diurnal avian predators would otherwise be high. By emerging earlier, pipistrelles can forage for longer and exploit the many insects that are at their peak abundances before dusk (Speakman 1995; Rydell et al. 1996) . The average energy expenditure of pipistrelles is approximately 20 kJ/day . With an absorption efficiency of approximately 76.5% (Barclay et al. 1991) , the equivalent food intake each evening would be 26.1 kJ/night. Pipistrelles spend about 225 min foraging each evening (Swift 1980 ). Therefore, the average feeding rate is 0.117 kJ/min. At dusk pipistrelles have been observed feeding at a rate of 10 insects per min (Racey & Swift 1985) . If each of these insects has a dry weight of 1 mg and an energy content of 23.2 kJ/g dry weight, the energy intake rate at dusk is 0.232 kJ/min. Thus, the feeding rate at dusk is approximately twice that of the overall nightly feeding rate. Therefore, extra foraging time during this part of the evening may be important, particularly for reproducing females.
In the present study bats emerged earlier when there was a greater percentage cover within 50 m of the roost. Using the regression equation to predict the emergence time, we calculated the emergence time of bats at roosts with 29% cover (the mean percentage cover at roosts) to be 3 min after sunset and at roosts with 3% cover (the mean at randomly selected buildings) to be 14 min after sunset. Thus, on average an extra 11 min of foraging time was gained at roosts with 29% cover. At the energy intake rate for dusk foraging (0.232 kJ/min calculated above) an additional 2.55 kJ is consumed during the extra 11 min of foraging time at roosts with 29% cover. This is about 10% of the average energy intake each night (26.1 kJ/night).
The observation that owls were more likely to be found near roosts than near random buildings is to be expected as roosts had more woodland near them, where tawny owls are likely to be found.
Habitat Characteristics
The shorter distance to, and greater area of deciduous woodland found within, a radius of 1.5 km from the roosts suggest that the proximity to and amount of woodland influence roost selection. Pipistrelles prefer to forage in deciduous woodland (Racey & Swift 1985; de Jong & Ahlén 1991) where insects are more abundant than in coniferous woodland (Walsh & Harris 1996) . The greater area of coniferous woodland found within 0.5 km of roosts than that found within 0.5 km around random buildings indicates that coniferous woodland is also important, even though bats avoid it (Swift 1980 ). This result may be an artefact of the technique we used for quantifying woodland, in which we divided mixed woodland between deciduous and coniferous woodland. Much of the woodland surrounding roosts was mixed woodland rather than separate stands of deciduous and coniferous woodland. Mixed woodland is more diverse than conifer plantations (see Butterfield & Malvido 1992) , and thus may represent suitable foraging sites. The fact that there were no differences in any of the habit variables beyond 1.5 km corresponds closely with observations of the distances travelled by foraging bats (Racey & Swift 1985) . Therefore the number of suitable foraging areas within this distance is likely to influence roost selection. A study of P. auritus in northeast Scotland showed that this species selects roosts that are surrounded by a greater area of deciduous woodland than randomly selected available buildings, within a radius of 0.5 km. This species has also been observed to spend most of its foraging time within this distance.
Roosts were not situated closer to water than were nonroosts. This probably reflects the fact that all the buildings in the area were located close to water rather than indicating that water is not required by pipistrelles (the maximum distance to water for nonroosts was 475 m and for roosts 550 m). In the study area, the availability of roost sites close to water was probably not a limiting factor. Roosts were more likely to be situated within 0.5 km of one of the three main rivers than were nonroosts. This suggests that the distribution of roosts may by determined to a certain extent by different types of water.
Understanding the roosting requirements and especially maternity roost requirements for any bat species is essential to their conservation in today's changing agricultural landscape. In this study, the factors that determined roost selection, in general, related to tree cover and deciduous woodland around the roost building. Deciduous woodland has also been shown to be important for other species (e.g. P. auritus: Entwistle et al. 1997 ). Therefore, attempts should be made to conserve woodland if the status of pipistrelles and long-eared bats is to improve.
